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+01/5J/0&01! /0! 5/,&+;! &J/2! ./;! 9&21/45;! ./! 15&0;25+31+:0G! 0:1&**/01! 2/4A! 2:.);! 3&5! ./;! ?:*):8@0/;!
.+J/58/01;!./!3,4;+/45;!9&*+,,/;!D>;AG!R,AG!71,AG!P&AG!$&5AGrF#!!
6/;! J:+/;! ./! ;+80&,+;&1+:0! 3&51+2+3/01! &4A! +01/5&21+:0;! )3+1?),+:B*);/02?=*&1/4;/;! ;:4;B]&2/01/;! &4!
.)J/,:33/*/01!./01&+5/!*&+;!&4;;+!M!,(:58&0+;&1+:0!&0&1:*+<4/!./;!1+;;4;!./01&+5/;!/0!+01/5J/0&01!&4!0+J/&4!
./!2/015/;!:58&0+;&1/45;!D0:/4.;!./!,()*&+,!35+*&+5/!/1!;/2:0.&+5/F!D6?:!/1!2:,,#G!H^^\F#!!
 
===F"FAF$F8F)=#/./$./-#)61)6,5(%-**(3(#.)6(#.$/4()!
6?/Y!,(/*-5=:0!./!;:45+;G! ,/!.)J/,:33/*/01!./;!*:,&+5/;!2:**/02/!&4!]:45!/*-5=:00&+5/!%^G_!DE%^#_F#!R/;!
2/,,4,/;!./;!25e1/;!0/45&,/;!*+85/01!&4!;/+0!./;!-:458/:0;!*&A+,,&+5/;!9:5*);G!9&+;&01!9&2/!M!40!)3&+;;+;;/*/01!
./!,()3+1?),+4*!-422&,!<4+!9:5*/!!,&!,&*/!./01&+5/#!!
'(&0&,=;/!./;!;2?)*&;!.(/A35/;;+:0!./;!9&21/45;!./!15&0;25+31+:0!D35+02+3&,/*/01!,/;!?:*):8@0/;!.+J/58/01;F!
/1!./;!9&21/45;!./!25:+;;&02/!D$>PG!oNoG!L?G!y01F!&!3/5*+;!./!*:015/5!,&!9:021+:0!./!2/51&+0;!.(/015/!/4A!.&0;!
,/!.)1/5*+0+;*/!./!2/!2?&*3#!!
  A8)
C+0;+G! ,(/0;/*-,/! ./;! 2/,,4,/;! )3+1?),+&,/;! ./! ,&! ,&*/!./01&+5/! /A35+*/01! P+1AH! D71,AG! Q+/8F! /1! ,/;! 9&21/45;! ./!
25:+;;&02/! O:0+2! ?/.8/?:8! DOLLF! /1! oNoS! D3:45! 5/J4/G! z/50J&,,! /1! U?/;,/99G H^^^F#! '(/A35/;;+:0! .(&415/;!
9&21/45;! ./! 15&0;25+31+:0! /;1! &4;;+! .)1/21)/! ,:2&,/*/01! &4! ;/+0! ./! ,&! ,&*/! ./01&+5/G! 2:**/ >;AH! /1! R,AH!
DU4**/5;!/1!!U?/;,/99G!H^^cFG!&+0;+!<4/!./;!9&21/45;!./!25:+;;&02/!1/,;!<4/!$>PK!D6?/0!/1!2:,,#G!H^^KF#!!
'/;!2/,,4,/;!*);/02?=*&1/4;/;!.)5+J)/;!./;!25e1/;!0/45&,/;!2)3?&,+<4/;!/A35+*/01!0:1&**/01!,/;!9&21/45;!./!
15&0;25+31+:0! >;A%G! >;AHG! R,A%G! R,AHG! $&5A%G! P&AcG! N,+%G! N,+HG! N,+IG! '?AZ! /1! '?A\! &+0;+! <4/! ,/;! 9&21/45;! ./!
25:+;;&02/!$>PH!/1!$>PK#!!
'/;!?:*):8@0/;G!3&5!,&!2:*-+0&1:+5/!./!,/45;!;2?)*&;!.(/A35/;;+:0!3:455&+/01!.)9+0+5!&4!;/+0!./;!*&A+,,&+5/;!
,/;!2?&*3;!*:53?:8)0)1+<4/;!./01&+5/;#!!
6/11/!2:*-+0&+;:0!2:0;1+14/!2/!<4/!P&4,!O?&53/!D6:-:450/!/1!O?&53/G!H^%^F!&!0:**)G!3&5!&0&,:8+/!&4!2:./!
L7{G! |,(?:*):2:./! ./01&+5/|#! 6/! 2:./! 0/! ;/! ,+*+1/5&+1! 3&;! 40+<4/*/01! &4! .)1/5*+0+;*/! ./;! 2?&*3;!
*:53?:8)0)1+<4/;! ./01&+5/;! D,&*/;! ./01&+5/;F! *&+;! +01/5J+/0.5&+1! &4;;+! .&0;! ,/! .)1/5*+0+;*/! ./;! &415/;!
2?&*3;!*:53?:8)0)1+<4/;!./01&+5/;!&4!;/+0!./!,&!,&*/!./01&+5/G!.),+*+1&01!&+0;+!,/;!5)8+:0;!35:35/;!M!2?&<4/!
1=3/!./01&+5/!D6:-:450/!/1!O?&53/G!H^%^F#!!
!
===F"FAF$FAF)D(')6/MM,4(#.')'.$6(')$#.,L#$.$1O)#
'/!.)J/,:33/*/01!./01&+5/!&01)B0&1&,G! &35@;! ,(+0+1+&1+:0G!/;1!.+J+;)!/0! 15:+;! ;1&./;!*:53?:,:8+<4/;#!6/;! 15:+;!
;1&./;! ;:01! 2&5&21)5+;);! 3&5! ,/! 5d,/! 3/5*&0/01! ./;! +01/5&21+:0;! )3+1?),+:B*);/02?=*&1/4;/;! D3:45! 5/J4/G!
6:-:450/!/1!O?&53/G!H^%^F!SQ%>0*"#RLX;!!
'/;!9&21/45;!./!25:+;;&02/!/1!,/;!9&21/45;!./!15&0;25+31+:0!+01/5J/0&01!.&0;!2/;!+01/5&21+:0;!;:01!2+1);!M!2?&<4/!
;1&./#!!
 
`/Y14() NXF) D() 6,5(%-**(3(#.)6(#.$/4(F)('"7*#%& ,8"G%& c# .53"#-"&$5%*"# d#1-#& ,8"G%& c# 9+0*>"+&# d# 7"I& ,8"G%& c#
80)0."#d#'"8%&R%''#,8"G%#c#8.+8="#d#%I#c#1)%$=1.%03#d#$%,#c#31'"&8=E3"#d#,)#c#*"$%80.03#1$+%.1#d##$#c#3"'"&8=E3"#
-"&$5%*"# d# #I#c# )5)%.."# -"&$5%*"# d# #+#c# ,+..%80."# -"&$5%*"# d# %S#c# &+"0-# -"# ./135%.# d#"$%'*R'",8,#c# 531.+9.5'$"'# d#
%0"$%'#c#135%.#d##%08/0#c#-"&$%&"#d#*#*08*R'",8,#c#+-+&$+9.5'$"'#S3+-%,%1#-/5)*:'#f="'.",,#"$#f033"*'?#NUUaX;#
  AA)
gb"#9+0*>"+&#S90-#'$5>"X# 
C4!;1&./!.4!-:458/:0!DE%I#_!2?/Y!,&!;:45+;FG!,()3+1?),+4*!-422&,!2:0;1+14&01!,&!,&*/!./01&+5/!;(+0J&8+0/!.&0;!,/!
*);/02?=*/!;:4;B]&2/01G!9:5*&01!40!-:458/:00/*/01!)3+1?),+&,!&4!;/+0!.4!*);/02?=*/#!!'/!8/5*/!./01&+5/!
/;1!2:0;1+14)!.[40/!3&51+/!)3+1?),+&,/G!.)5+J&01!./!,&! ,&*/!./01&+5/#!E,,/! +0.4+1!3&5! ,&!;4+1/! ,&!35:,+9)5&1+:0!./;!
2/,,4,/;!*);/02?=*&1/4;/;! ;:4;B]&2/01/;! <4+! ;/! 5&;;/*-,/01! &4! 2/015/! .4! -:458/:0! 3:45! 9:5*/5! ,&! 3&3+,,/!
*);/02?=*&1/4;/#!
!
gb5#80)0."#S85)#'$5>"X##
'/!;1&./!./!,&!2434,/!DE%K#_F!;/!2&5&21)5+;/!3&5!,&!3:45;4+1/!./!,(+0J&8+0&1+:0!./!,()3+1?),+4*!./01&+5/!DERF!&J/2!
&33&5+1+:0!/0!;:0!;/+0!.(40/!2:42?/!./!2/,,4,/;!3&,+;;&.+<4/;G!2:55/;3:0.&01!M!,()3+1?),+4*!&.&*&01+0!+01/50/!
DEC"F!/1!3&5! ,&!2:0./0;&1+:0!.4!*);/02?=*/!./01&+5/!/0!5/8&5.!./! ,(EC"G!&J/2! ,&!9:5*&1+:0!35:85/;;+J/!./! ,&!
3&3+,,/!*);/02?=*&1/4;/! DP>F!/1!.4!;&2! 9:,,+24,&+5/! DOoF! DU?/;,/99!/1!U4**/5;G!H^^cF#!C!2/!;1&./G! +,!&33&5&i1!
.&0;!,&!3&51+/!2/015&,/!./!,(EC"!40!3::,!./!2/,,4,/;!2:02/015+<4/;!&33/,)!0:/4.!./!,()*&+,!DVEF!<4+!2:0;1+14/!40!
2/015/!:58&0+;&1/45!.4!8/5*/!./01&+5/!DU?/;,/99!/1!U4**/5;G!H^^cF#!!
6/! 2/015/! ./! ;+80&,+;&1+:0! /A35+*/! ,/;! 9&21/45;! ./! 15&0;25+31+:0! >;AH! /1! '/9%! &+0;+! <4/! PH%#! ",! ;)25@1/! ,/;!
9&21/45;!./!25:+;;&02/!./;!<4&15/!9&*+,,/;#!!
R&0;! ,/! *);/02?=*/G! 1&0.+;! <4/! ,(/A35/;;+:0! ./! ,(?:*):8@0/! >;AH! ;/! *:.+9+/! /1! 2/,,/;! ./;! 9&21/45;! ./!
15&0;25+31+:0!'/9%!/1!Q40AH!2:**/02/01G!,/;!9&21/45;!./!25:+;;&02/!./;!9&*+,,/;!$>P!/1!oNo!&+0;+!<4/!,(C21+J+0/!
C!;:01!;)25)1);!3&5!2/;!2/,,4,/;#!
!
gb5#8.+8="#S.5$"#9"..#'$5>"X#
C4!;1&./!./! ,&! 2,:2?/! DE%Z#_FG! ,&! 2=1:.+99)5/02+&1+:0!2:**/02)/!&4!;1&./!./! ,&! 2434,/G!J&! ;(&22/014/5#!R&0;!
,()3+1?),+4*! ./01&+5/G! <4&15/! 2:42?/;! 2/,,4,&+5/;! ;:01! +./01+9+&-,/;! X! ,()3+1?),+4*! &.&*&01+0! /A1/50/! DECEF!
/01:45&01!40/!*&;;/!./!2/,,4,/;!)1:+,)/;G!,/!5)1+24,4*!)1:+,)!DQEF!/1!40/!2:42?/!./!2/,,4,/;!24-+<4/;G!,/!;15&14*!
+01/5*).+4*!DO"FG!;)3&5&01!,/!QE!./!,(EC"#!'/;!Y:0/;!./!5)9,/A+:0!D}QF!<4+!;:01!M!,(:5+8+0/!./;!<4&15/!2:42?/;!./!
2/,,4,/;G!;:01!./;!Y:0/;!./!35:85/;;+:0!9:5*)/;!./!2/,,4,/;!+0.+99)5/02+)/;#!R&0;!,/!*);/02?=*/!./01&+5/G!./4A!
Y:0/;!1+;;4,&+5/;!;:01! 5/2:00&+;;&-,/;! X! ,&!3&3+,,/!*);/02?=*&1/4;/! DP>F!;/! 15:4J&01! 9&2/!M! ,(EC"!/;1! 9:5*)/!
.(40/! *&;;/! ./0;/! ./! 2/,,4,/;! +0.+99)5/02+)/;! /1! ,/! ;&2! 9:,,+24,&+5/! DOoF! /01:45&01! ,(/0;/*-,/! 9:5*)! 3&5!
,()3+1?),+4*! ./01&+5/! /1! ,&! 3&3+,,/! *);/02?=*&1/4;/! /1! 2:*35/0&01! ./;! 2/,,4,/;! &,,:08)/;! /1! :5+/01)/;!
2+52:09)5/02+/,,/*/01#!!
R&0;! ,(EC"G! 2:**/! .&0;! ,&! 2:42?/! 3)5+3?)5+<4/! ./! ,&! 3&3+,,/! ./01&+5/! /0! 5/8&5.! ./! ,(EC"G! 40! 85&.+/01! ./!
2=1:.+99)5/02+&1+:0! ;4+J&01! ,&!35:85/;;+:0!./;! Y:0/;!./! 5)9,/A+:0!J&!&-:41+5! M! ,&!.+99)5/02+&1+:0! 9:021+:00/,,/!
./;!&*),:-,&;1/;!/1!./;!:.:01:-,&;1/;G!9:5*&01!,()*&+,!/1!,&!./01+0/#!!
  AB)
R(&415/!3&51G!.&0;! ,(EC"G! ,/;!0:/4.;!;/2:0.&+5/;!./! ,()*&+,G! ;+14);!.&0;! ,/;! 5)8+:0;!./;! 94145/;!24;3+./;G! ;:01!
./;!2/015/;!:58&0+;&1/45;!./!,&!*:53?:8/0@;/!./01&+5/!1&5.+J/!D3:45!5/J4/G!z/50J&,,!/1!U?/;,/99G!H^^^!k!U?/;,/99!
/1!U4**/5;G!H^^cF#!",;!/A35+*/01!/1!;)25@1/01!,/;!*e*/;!9&21/45;!<4/!,/!0:/4.!./!,()*&+,!35+*&+5/G!3&5!2:015/G!
+,;!0(+01/5J+/00/01!3&;!;45!,&!35:,+9)5&1+:0!*&+;!;45!,&!.+99)5/02+&1+:0!2/,,4,&+5/#!!
R&0;!,/;!2/,,4,/;!./!,&!3&3+,,/!*);/02?=*&1/4;/G!,(/A35/;;+:0!./;!9&21/45;!./!15&0;25+31+:0!:-;/5J)/!&4!;1&./!
35)2)./01!/;1!*&+01/04/!/1!2:*3,)1)/!3&5!,(/A35/;;+:0!./!R,AI!DN?:4,B>&Y8&5!/1!2:,,#G!H^^_F#!
R/;! 9&21/45;! ./! 25:+;;&02/! ./;! 9&*+,,/;! $>PG! oNo! /1! y01! ;:01! &4;;+! ;)25)1);! 3&5! ,/;! 2/,,4,/;! ./! ,&! 3&3+,,/!
*);/02?=*&1/4;/#!!
C35@;!,(&2?@J/*/01!./!,&!9:5*/!2:5:0&+5/G!,()3+1?),+4*!./01&+5/!3:45;4+1!;:0!+0J&8+0&1+:0!;:4;!,&!9:5*/!./!,&!
8&+0/! ./! L/51b+8! 2:*35/0&01! 40+<4/*/01! ./4A! 2:42?/;! 2/,,4,&+5/;! 3/4! .+99)5/02+)/;#! O+! /0! 5/8&5.! ./! 2/1!
)3+1?),+4*G!,&!2=1:.+99)5/02+&1+:0!./;!2/,,4,/;!./!,&!3&3+,,/!*);/02?=*&1/4;/!5/;1/!+./01+<4/G!,()3+1?),+4*!J&G!
<4&01!M! ,4+G!35:85/;;+J/*/01!;/!.+;,:<4/5G!3/5*/11&01! ,(:58&0+;&1+:0!.4!3&5:.:01/!M!3&51+5!.4!;&2! 9:,,+24,&+5/!
D}/+2?0/5BR&J+.!/1!2:,,#G!H^^IF!SQ%>0*"#RaX;)
 
`/Y14()NaF);-4*+-Y,#Z'()*4,2-2()(.)3-4*+-Y,#Z'().$46/5()Sf="'.",,#?#NUUNX)
)
&
===F"FAF$FBF)^/'.-Y,#Z'()(.)3/#,4$%/'$./-#)
'&! *:53?:8)0@;/! 1&5.+J/! ./;! 1+;;4;! *+0)5&,+;);! ./01&+5/;! 2:55/;3:0.! M! 40! ;1&./! 1/5*+0&,! :~! ,()*&+,! /1! ,&!
./01+0/!:01!)1)!.)3:;);!&4!2:45;!./;!35:2/;;4;!5/;3/21+9;!./!,(&*),:8)0@;/!/1!./!,&!./01+0:8)0@;/#!!
'&!*:53?:8)0@;/!1/5*+0&,/!5/3:;/!;45!40!)<4+,+-5/!.=0&*+<4/!.&0;!,(/;3&2/!/1!.&0;!,/!1/*3;G!)1&-,+!/015/!,/;!
)J)0/*/01;!2/,,4,&+5/;!D35:,+9)5&1+:0G!.+99)5/02+&1+:0!/1!&3:31:;/F!/1!,/;!)J)0/*/01;!/A15&2/,,4,&+5/;!D;)25)1+:0!
/1!*+0)5&,+;&1+:0F#!
'&!*:53?:8)0@;/!1/5*+0&,/G!;3)2+9+<4/!./!2?&<4/!1=3/!./!./01G!/;1!,/!3,4;!;:4J/01!&115+-4)/!&4A!&*),:-,&;1/;!
<4+!9:5*/5:01!,&!3&51+/!J+;+-,/!./!,(:58&0/!./01&+5/#!6/3/0.&01G!+,!/;1!2,&+5!<4/!.&0;!,&!3&51+/!+01/50/!./!,&!./01G!
,/;! :.:01:-,&;1/;! ;:01! &4;;+! +*3,+<4);! .45&01! 2/11/! *:53?:8)0@;/G! 0/! ;/5&+1B2/! <4/! 3&5! ,/45! 5d,/! .&0;!
,(&21+J&1+:0!./;!35)&*),:-,&;1/;!/0!35)&*),:-,&;1/;!;)25)1/45;!DU?/;,/99!/1!U4**/5;G!H^^cF#!
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)
Lame dentaire 
Bourgeon 
Cupule 
Cloche 
  AU)
===F"FAFTF)DP$3,%-Y,#Z'()T@/G-)%&LUV)
)
===F"FAFTFNF)D$)*4,',24,./-#))
C4! ;1&./! ./! 35);)25)1+:0! .)-41&01G! ,/;! 2/,,4,/;! ./! ,()3+1?),+4*! .:00/! ,/;! <4&15/! 2:42?/;! 35)2)./**/01!
5&33:51)/;#! '()3+1?),+4*! &.&*&01+0! +01/50/! /;1! 2:*3:;)! .(40/! 5&08)/! ./! 2/,,4,/;G! ,/;! 94145;! &*),:-,&;1/;G!
;)3&5);!./;!:.:01:-,&;1/;!3&5!40/!*/*-5&0/!-&;&,/!<4+!;/5&!.)154+1/!3/4!./!1/*3;!&J&01!,&!;)25)1+:0!&21+J/!
./! ,()*&+,#! 6/;! 2/,,4,/;! ;:51/01! .4! 2=2,/! *+1:1+<4/! 3:45! .:00/5! ,/;! &*),:-,&;1/;! 35);)25)1/45;#! '/45!
*:53?:,:8+/! ;/!*:.+9+/! &J/2! ,(&,,:08/*/01! .4! 2:53;! 2/,,4,&+5/! /1! ,(:58&0+;&1+:0! .(40/!3:,&5+1)! ;1542145&,/! /1!
9:021+:00/,,/!./!;)25)1+:0!./!35:1)+0/!/A15&2/,,4,&+5/#!
'(&*),:-,&;1/!35);)25)1/45!35);/01/!M!;:0!/A15)*+1)!&3+2&,/!40/!;)5+/!./!3/1+1;!35:,:08/*/01;!<4+!/015/01!/0!
2:01&21! &J/2! ,&! 35)./01+0/! 3&5! ./;15421+:0! ./! ,&! */*-5&0/! -&;&,/! /0! ./4A! )1&3/;!X! 95&8*/01&1+:0! /1!
3?&8:2=1:;/#! C! 2/! ;1&./G! ,()3+1?),+4*! ]:4/! 40! 5d,/! +0.421/45! .&0;! ,/! .)2,/02?/*/01! ./! ,&! .+99)5/02+&1+:0!
1/5*+0&,/!./;!:.:01:-,&;1/;!DP:45!5/J4/G!$/+G!H^^cF!
'&! 5)/A35/;;+:0! 15&0;+1:+5/! .&0;! ,()3+1?),+4*! ./! 0:*-5/4A! 8@0/;! +*3,+<4);! .&0;! ,/;! +01/5&21+:0;! )3+1?),+:B
*);/02?=*&1/4;/;! ! ./! ,&! *:53?:8)0@;/! +0+1+&,/G! 2:**/! 2/4A! 2:.&01! ,/;! 9&21/45;! ./! 25:+;;&02/G! ;/5&+1! 40!
),)*/01!./!2/11/!+0.421+:0!DP:45!5/J4/G!$/+G!H^^cF#!
R(&415/!3&51G!M!2/!;1&./G!,(/A35/;;+:0!./!<4/,<4/;!35:1)+0/;!+*3,+<4)/;!.&0;!,&!-+:*+0)5&,+;&1+:0G!1/,,/;!<4/!,&!
3?:;3?&1&;/!&,2&,+0/!DL:11:0!/1!2:,,#G!%cccFG!,&!1491),+0/!D}/+2?0/5BR&J+.!/1!2:,,#G!%cc_F!&!)1)!.)1/21)/!.&0;!,/;!
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Gene Primer Séquence Longueur t° [P]uM Mix Sybr Cycles 
Amelogenine P20 AAGCATCCCTGAGCTTCAGA 371pb (20s) 60 0.45 7.5 40 
P21 CAGCAACCAATGATGCCAGT 
Ameloblastine P3 AGCTGATAGCACCAGATGAG 287pb (20s) 60 0.45 7.5 40 
P4 TGGCCTATGGAACTCTGTTC 
Enameline P3 TCCTTGTTTTCCTGGGTCTG 246pb (20s) 60 0.45 7.5 40 
P4 TCCACCAGTACCCAATGGAT 
RS15 P1 GGCTTGTAGGTGATGGAGAA 336 pb (20s) 60 0.45 7.5 40 
P2 CTTCCGCAAGTTCACCTACC  
GAPDH P1 GACCCCTTCATTGACCTCAACTAC 350 pb (20s) 60 0.45 7.5 40 
P2 AAGTTGTCATGGATGACCTTGGCC 
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